The objective of this experiment was to examine the contributions of audibility to the ability to perceive a gap in noise for children and adults. Sensorineural hearing loss (SNHL) in adulthood is associated with a deficit in gap detection. It is well known that reduced audibility in adult listeners with SNHL contributes to this deficit; however, it is unclear the extent to which hearing aid amplification can restore gapdetection thresholds, and the effect of childhood SNHL on gap-detection thresholds have not been described. For adults, it was hypothesized that restoring the dynamic range of hearing for listeners with SNHL would lead to approximately normal gap-detection thresholds. Children with normal hearing (NH) exhibit poorer gap-detection thresholds than adults. Because of their hearing loss, children with SNHL have less auditory experience than their peers with NH. Yet, it is unknown the extent to which auditory experience impacts their ability to perceive gaps in noise. Even with the provision of amplification, it was hypothesized that children with SNHL would show a deficit in gap detection, relative to their peers with normal hearing, because of reduced auditory experience.
INTRODUCTION
This study examined the ability of adults and children with sensorineural hearing loss (SNHL) and normal hearing (NH) to detect a silent interval (gap) in noise. The perception of gaps in noise is of interest because listeners with better gap-detection thresholds can have superior speech recognition compared to listeners with poorer gap-detection thresholds (e.g., Glasberg & Moore 1989; Helfer & Vargo 2009; Feng et al. 2010 ; but see Gordon-Salant & Fitzgibbons 1993; Haubert & Pichora-Fuller 1999) . As a consequence, understanding the effects of amplification on gap detection is an important step toward modifying prescriptive procedures to improve access to temporal information. The ability to detect a gap is typically measured by varying the duration of the silent interval until a certain criterion correct detection-for example, 71%-is obtained, referred to here as gap-duration threshold. Most studies to date compared gap detection for listeners with SNHL and NH at equal sensation level (SL; Horwitz et al. 2011) , sound-pressure level (SPL; Irwin et al. 1981; Florentine & Buus 1984; Hall et al. 1998 ), or both (Glasberg et al. 1987; Glasberg & Moore 1989) . Few studies have determined the extent to which hearing aid amplification applied to the stimulus can improve gap-detection thresholds Moore et al. 2001) , and studies to date have not examined the effect of childhood SNHL on the ability to perceive a gap in noise.
The present study examined changes in the ability to perceive a gap in adults with SNHL with two prescriptive procedures and compared these thresholds to those of listeners with NH without hearing aid amplification. The dynamic range of hearing was greater for the participants with NH than those with SNHL. For the participants with SNHL, the dynamic range of hearing was larger when aided than unaided. These variations in the audible dynamic range limited our ability to select stimulus levels that spanned the dynamic range of hearing across conditions and hearing status; our solution was to use the same fixed gap durations across conditions and groups and adaptively vary the stimulus level (Fitzgibbons 1983) . Because children with NH show poorer gap-duration thresholds than adults with NH (Irwin et al. 1985; Wightman et al. 1989; Buss et al. 2014 ), children were also tested to determine the influence of age and amplification on stimulus-level thresholds.
Auditory temporal resolution is a measure of the ability of a listener to perceive changes in level over time. The detection threshold for a gap in noise is one such measure of temporal resolution. Other measures of temporal resolution include threshold for detecting a sinusoidal modulator applied to a carrier signal (AM detection; Bacon & Viemeister 1985) , a target that temporally follows a masker (forward masking; Jesteadt et al. 1982) , difference in signal duration (duration discrimination; Abel 1972) , or a target sound in the presence of maskers with coherent envelope fluctuation across frequency (e.g., comodulation masking release; Hall & Grose 1994) . Spectral cues can play a role in the perception of temporal information, in that listeners may use spectral information that varies by frequency over time. Most studies of temporal resolution limit the availability of spectral information by, for example, masking the spectral information that occurs when a gap is inserted into a sinusoid or narrowband noise (e.g., Moore et al. 1992) or, as was done in the present study, using broadband noise-where presumably the spectral splatter is not detectable.
The ability to detect a gap in noise is affected by the stimulus SL, bandwidth, and center frequency. For listeners with NH, gap-duration thresholds are reduced (improved) as the stimulus SL is increased up to approximately 30 dB SL (Plomp 1964; Davis & McCroskey 1980; Florentine & Buus 1984; Zeng et al. 2005; Horwitz et al. 2011) . Thresholds also improve as the bandwidth of the stimulus is increased (Fitzgibbons 1983; Eddins et al. 1992; Hall et al. 1998) and, in some cases, as the stimulus bandwidth and center frequency are increased simultaneously (Shailer & Moore 1983; Moore & Glasberg 1988) . When listeners with NH and listeners with SNHL are tested at the same SPL, the reduction in audibility associated with SNHL can result in poorer gap detection (Irwin et al. 1981; Florentine & Buus 1984; Glasberg et al. 1987; Moore & Glasberg 1988; Glasberg & Moore 1989; Grose et al. 1989 ). However, little difference remains when the comparison is made at an equal SL (Fitzgibbons & Wightman 1982; Glasberg et al. 1987; Glasberg & Moore 1989; Horwitz et al. 2011 ). Florentine and Buus (1984) showed that using masking noise spectrally shaped to simulate the hearing loss of the listeners with SNHL could mimic gap-duration thresholds in impaired ears. Together, these studies suggest that diminished audibility (i.e., reduced SL) can account for differences in gapduration thresholds between listeners with and without SNHL.
Hearing aid amplification can compensate for reduced audibility in listeners with SNHL by applying frequency-specific gain, which is set based on audiometric thresholds using a prescriptive procedure (e.g., Scollie et al. 2005; Moore et al. 2010; Keidser et al. 2011) . As a consequence of differences in the suggested gain across prescriptive procedures, these procedures differ in the extent to which they map the normal dynamic range of hearing to the smaller dynamic range of listeners with hearing loss-especially for low-level inputs, as described below. Figure 1 shows the output for the same broadband noise (100 to 8000 Hz) used in this study with the adult and child versions of the desired sensation level i/o program (Scollie et al. 2005) ; targets were based on the hearing loss of an adult who participated in this study. The adult version of the desired sensation level i/o program (DSL-A) prescribes less gain than the child version (DSL-C) because many adults do not tolerate the higher output of DSL-C (Scollie et al. 2005) ; consequently, audibility is greater with DSL-C than with DSL-A. Specifically, for an equivalent noise level, the SL is higher and more bandwidth is audible for the listener, particularly at low input levels. Put differently, more of the normal dynamic range of hearing is mapped to that of the impaired listeners with DSL-C than DSL-A. The extent to which loss of audibility is compensated for will also depend upon how quickly the hearing aid adjusts its gain to changes in the input level-that is, the compression speed. For lower stimulus levels, a faster compression speed will more effectively increase the level of the stimulus, especially for shorter gap durations, which should support better gap-detection thresholds. A faster compression speed will also more effectively reduce inherent fluctuations in the stimulus, which has been shown to improve gap-duration thresholds for noise bandwidths of 100 Hz or less Moore et al. 2001) .
It is not clear the extent to which different prescriptive procedures or compression speeds result in performance for listeners with SNHL that approximate that of listeners with NH. Because gap-duration thresholds improve with increased SL and bandwidth, we expect the DSL-C procedure, which maps a larger portion of the normal dynamic range to that of the impaired dynamic range than DSL-A, to result in thresholds that most effectively approximate those of the listeners with NH. An alternative outcome is that DSL-A sufficiently restores audibility to approximate the thresholds of the listeners with NH. Three studies have tested the effects of audibility on temporal resolution by measuring gap-duration thresholds using amplification Moore et al. 2001; Brennan et al. 2013) . All three studies examined the effect of compression amplification on gap detection; none investigated the influence of the prescriptive procedure on gap-detection thresholds. The studies by Moore and colleagues set amplification either to obtain an equal SL for an equivalent input level between the impaired and normal ears or using the default manufacturer prescriptive procedure (Moore et al. 2001) . In both studies, the listeners with hearing loss exhibited poorer gap-duration thresholds than the listeners with NH, even with the provision of amplification. Brennan et al. (2013) used amplification set to DSL-C in their listeners with SNHL and found that the mean gap-duration threshold for 60 dB SPL broadband noise was approximately 3 ms, similar to gap-duration thresholds previously reported for listeners with NH in broadband noise at that level (Irwin et al. 1981) .
The influence of the compression speed on the detection of gaps is uncertain. Glasberg and Moore (1992) , using instant compression, found improved detection of gaps compared to linear amplification-when the bands of noise were 100 Hz or less. A follow-up study found that the use of fast-acting compression (15-ms attack time and 30-ms release time), relative to slow compression (300-ms attack time and 3-second release time), improved the detection of gaps in narrow bands of noise (Moore et al. 2001) . In contrast, Brennan et al. (2013) found that gap-duration thresholds did not vary between a condition with fast compression (1-ms attack time and 10-ms release time) and one with linear amplification for a narrowband noise carrier (10 Hz wide) or a wideband noise carrier. Only a single stimulus level was presented in the above studies. What is missing is detailed knowledge about the relationship between gap-detection thresholds, stimulus level, the prescriptive fitting procedure, and compression speed for participants with SNHL, and also the extent to which prescriptive procedures result in thresholds that approximate those of the listeners with NH.
Information on the effect of the prescriptive fitting procedure and compression speed on the detection of gaps in noise could be useful for our pediatric patients with SNHL. Compared to adults, children rely more on the acoustic than on the linguistic information in speech (e.g., Craig et al. 1993) . With the exception of one study (Chermak & Lee 2005) , most studies have found poorer gap-duration thresholds in children than in adults with NH (Davis & McCroskey 1980; Irwin et al. 1985; Werner et al. 1992; Trehub et al. 1995; Wightman et al. 1989; Buss et al. 2014) . Adult-like resolution varies with the procedures and stimuli used but appears to occur by approximately 10 years of age (Irwin et al. 1985; Wightman et al. 1989; Buss et al. 2014; Buss et al. 2017 ). We know of no studies that examined gap-detection thresholds in children with SNHL. Balen et al. (2009) found poorer gap-detection thresholds in children with presumed conductive hearing loss relative to children with NH. Hall and Grose (1994) showed that comodulation masking release, another measure of temporal resolution, was poorer for children with temporary hearing loss secondary to otitis media compared to a control group without such history. However, Rance et al. (2004) observed that children with and without SNHL had similar thresholds for the detection of amplitude modulations. These results suggest that hearing loss in childhood may degrade temporal resolution, although it is not clear that the effects observed for the children with conductive hearing loss would apply to children with SNHL.
The mechanisms that contribute to development of gap perception in children are unclear but may be related to maturation of the nervous system, including the development of attention, motivation, and/or cognition (Davis & McCroskey 1980; Trehub et al. 1995; Buss et al. 2014 ). Development of intensity discrimination could also play a role in gap detection, in that children are less sensitive to dynamic changes in stimulus level than adults (Buss et al. 2017 ). Higher internal noise in children may also cause poorer gap-detection thresholds in children (Buss et al. 2014) . We predict that limited auditory experience in children with NH could explain their poorer performance relative to adults with NH. Because SNHL in children results in less auditory experience relative to children with NH, we hypothesize that children with SNHL could show poorer gapdetection thresholds relative to their peers with NH.
The purpose of experiment I was to determine the effect of the prescriptive procedure, age (child, adult), and hearing status on the ability to detect a gap in noise. The effect of the prescriptive procedure was assessed by testing adults with SNHL with both DSL-A and DSL-C. The effect of age and hearing status was tested by comparing stimulus-level thresholds obtained with DSL-C in adults and children with SNHL to unaided thresholds obtained in adults and children with NH. The purpose of experiment II was to determine the extent to which varying the compression speed influences gap-duration thresholds. Experiment III examined the validity of obtaining stimulus-level thresholds as a measure of temporal resolution by examining the relationship between stimulus-level thresholds and gap-duration thresholds. The hypotheses were as follows:
• The child participants, especially the children with SNHL, would show poorer stimulus-level thresholds than the adults.
• Because DSL-C better maps the impaired dynamic range to that of the normal dynamic range, stimulus-level thresholds would be best with DSL-C and would most closely mimic results obtained with the listeners with NH.
• Because fast compression better restores the dynamic range of hearing, thresholds were expected to improve with a faster compression speed relative to a slower compression speed.
• Equivalent thresholds would be obtained whether adapting on the stimulus level or the gap duration.
MATERIALS AND METHODS

Participants
Experiment I included 15 adults with NH (age in years: median = 59, mean = 54, SD = 14), 15 adults with SNHL (age in years: median = 57, mean = 53, SD = 14), 14 children with NH (age in years: median = 11, mean = 11, SD = 3), and 14 children with SNHL (age in years: median = 11, mean = 11, SD = 3). The older children with NH had higher pure-tone averages (PTA: 2, 4, and 6 kHz) than the younger children with NH (r = 0.59, p = 0.025), but there was no association between age and PTA for the children with SNHL (r = −0.18, p = 0.534). The age range for children was selected to span a range known to show improvements in gap-duration thresholds with increased age (Irwin et al. 1985; Wightman et al. 1989; Buss et al. 2014) . Each adult with NH was age matched to within 5 years of an adult with SNHL. Ten of the children with normal hearing in Experiment I were age matched to within 6 months of a child with SNHL and the remaining four were matched to within 1 year. An audiologist measured hearing thresholds (re: ANSI 2004) for all participants using pure-tone audiometry (ASHA 2005) at octave frequencies from 250 to 8000 Hz using Telephonics TDH-50P headphones (Farmingdale, NY) or Etymotic Research 3A (Elk Grove Village, IL) insert earphones. The pure-tone thresholds for each participant group are depicted in Figure 2 . Pure-tone thresholds were not obtained in four children with NH. Instead, hearing was tested in these children by obtaining responses at 15 dB HL. Their results are not plotted in Figure 2 .
Experiment II included eight adults with SNHL (age in years: median = 48, mean = 50, SD = 13), and experiment III included 7 adults with NH (age in years: median = 35, mean = 34, SD = 9). All participants were native English speakers. Data were collected at Boys Town National Research Hospital, and approval for this study was obtained from the Institutional Review Board. Participants consented to join the study and were reimbursed monetarily ($15 per hour) for their time.
Apparatus
Digital stimuli (22.05 kHz sampling rate) were converted to analog (RME Babyface sound card, Haimhausen, Germany), routed via a MiniMon Mon800 monitor matrix mixer ( Behringer, Kirchardt, Germany), amplified with a PreSonus HP4 headphone distribution amplifier (Baton Rouge, Louisiana), and presented to one ear using Sennheiser HD-25 headphones (Wedemark, Germany). All testing took place in a double-walled sound-attenuated room.
Stimuli
Stimuli were generated using a PC and custom MATLAB (2009b) scripts. The stimulus was white noise from 100 to 8000 Hz, 400 ms in duration with 5-ms cosine-squared onset and offset ramps. Before each trial, two noise stimuli, equated in level, were generated in the frequency domain using sine waves spaced at 1-Hz intervals-each with a random start phase. A gap was created by removing a portion of the stimulus, centered on the temporal midpoint and shaped with 2-ms cosinesquared ramps. The gap durations, defined from the 6-dB down points (i.e., 0-voltage intervals plus 2 ms), were 3, 5, 10, 15, 20, and 25 ms. Stimuli were calibrated by calculating the root mean square average for the standard (no gap) stimuli in a 6-cm 
Amplification
Stimuli were amplified for the adults and children with SNHL using a hearing aid simulator implemented in MATLAB (2009b). Only a short overview of the processing is presented, as this simulator has already been described (e.g., Brennan et al. 2015) . The hearing aid simulator consisted of a filterbank (see Table 1 ), wide dynamic range compression (WDRC; 5-ms attack time and 10-ms release time), and output compression (1-ms attack time and 50-ms release time). Although faster than the WDRC timeconstants typically used in commercially available hearing aids, these fast attack and release times were used because they were previously found to support better forward-masked tone detection in adults with SNHL than slower attack and release times (Brennan et al. 2015) . Experiment II examined the influence of the compression speed on stimulus-level thresholds by measuring thresholds using fast WDRC (5-ms attack time and 10-ms release time) and slow WDRC (50-ms attack time and 150-ms release time) with the DSL-C prescriptive procedure.
Thresholds in dB SPL* were entered into the DSL program, which generated the WDRC and output compression kneepoints, the target-output levels for conversational speech, and maximum output. To test the influence of the dynamic range on stimulus-level thresholds, targets were generated for both DSL-A and DSL-C for the adults. To reduce test time, only DSL-C targets were generated for the children. The WDRC and output compression kneepoints were set to the DSL prescribed levels. However, the maximum output compression kneepoint allowed was 105 dB SPL. Output levels for the long-term average speech spectrum (overall level of 60 dB SPL; Byrne et al. 1994 ) were set to within 5 dB of DSL targets.
For experiment I-across participants and hearing aid channels-the kneepoint varied from 18 to 58 dB SPL. The kneepoint for each hearing aid channel, averaged across participants, varied from 32 to 37 dB SPL. The range and average kneepoints were similar for the adults and children with SNHL. The compression ratios for the noise stimuli without a gap (i.e., the standard stimuli) were measured. This was done by computing the SPL after amplification for one-third octave filters centered at 1, 2, and 4 kHz for noise input levels of 30 and 50 dB SPL (spanning most of the range of stimulus-level thresholds observed in this study) for each subject. The mean compression ratios (SD in parenthesis) for each frequency, respectively, were 1.0 (.10), 1.1 (.10), and 1.2 (.16) for DSL-A and 1.2 (.16), 1.2 (.17), and 1.5 (.24) for DSL-C. The spectra of example stimuli are shown in Figure 3 , left column. Because of the provision of amplification, output is greater for the higher than lower frequencies. The spectrum did not differ between the standard and target stimuli (top and bottom rows, respectively). The waveforms for a standard stimulus with DSL-C are shown in Figure 3 , right column. Because of the 3-dB greater output with fast than slow WDRC, the amplitudes were greater with fast WDRC. As expected, the use of broadband noise resulted in a similar envelope with the two compression speeds.
Procedure
For experiments I and II, the adults and children sat in front of a touch screen monitor. For each of the five fixed gap durations, the SPL of the stimuli-before amplification for those conditions-was adapted using a three-interval forced-choice task with a two-down one-up rule (Levitt 1971) to determine the level of the noise required for detection of the gap, referred to here as the stimulus-level threshold. The starting level was 60 dB SPL. Level adjustments were made in steps of 18 dB before the first reversal, 9 dB between the first and second reversal, 6 dB between the second and third reversal, and 3 dB for the remaining four reversals. The average of these four reversals was taken as threshold. The minimum level was 0 dB SPL, and the maximum level was 85 dB SPL. Threshold was recorded as 88 dB SPL if a listener's track stayed at the maximum level for more than two trials in a row. No track stayed at the minimum level. A trial consisted of three observation intervals separated by 300 ms. Each observation interval was 1200 ms in duration and was marked by a separate button that lit up on the touch screen monitor. The 400-ms stimuli were temporally centered in each observation interval. Participants indicated the interval that they thought contained the target by pressing the associated button. Feedback was provided.
Adults were tested with two prescriptive procedures (DSL-A and DSL-C) and unaided. Children were tested with DSL-C and unaided. Participants practiced by obtaining two stimulus-level threshold estimates with a 25-ms gap duration. The prescriptive procedure used for practice was randomly selected for each I  0  250  360  2  280  400  560  3  420  630  810  4  780  1000  1240  5  1240  1600  1990  6  1990  2500  3160  7  3170  4000  5030  8  5030 adult with SNHL. Children with SNHL practiced with DSL-C. For the experimental task, thresholds were estimated twice for each condition. For the adults, if the two threshold estimates differed by more than 6 dB, threshold was estimated a third time. Because of the limited attention span of the younger children, we only collected data for two blocks for the child participants. † Thresholds for each condition were averaged across the two or three blocks obtained. One subject had thresholds at ceiling for two of the three blocks for the 15 ms stimulus-level condition. For this subject and condition, threshold was taken as the estimated threshold for the single block that was not at ceiling. For the participants with SNHL, the unaided thresholds were collected after the aided thresholds. Unaided thresholds were obtained on all of the children with SNHL and on six of the 15 adults with SNHL. Unaided stimulus-level thresholds were only measured on some adults because we added this additional paradigm to the experiment after initial data collection. Otherwise, the order of conditions was randomized.
For experiment III, which examined whether stimulus-level and gap-duration thresholds provide a similar estimate of temporal resolution, stimulus-level thresholds were obtained using the same procedure described previously. The stimulus-level thresholds were then used to set the stimulus levels for the gapduration thresholds. Specifically, the stimulus levels for the gap-duration thresholds were set individually for each participant and were the same as the stimulus-level thresholds for the 5-, 10-, 15-, and 20-ms gap durations. For each of the four stimulus levels tested for an individual, it was expected that the gapduration threshold would be similar to the corresponding gap duration (e.g., 5 ms for the stimulus-level that corresponded to the stimulus-level threshold for a 5-ms gap duration). The gap duration started at 10 ms above the expected gap threshold (e.g., 25 ms for the stimulus level corresponding to the 15-ms gap duration). The gap duration was varied by a factor of 2.8 before the first reversal, by a factor of 1.4 before the second reversal, and by a factor of 1.2 for the remaining four reversals. The geometric mean of the last four reversals was taken as threshold. Thresholds were estimated twice for each stimulus level. If the two threshold estimates differed by more than 5 ms, threshold was estimated a third time. Thresholds for each condition were averaged, using the geometric mean, across the two or three blocks obtained. Data collection for each experiment took one to two sessions that lasted up to 3 hours each.
Analysis
The different participant groups and conditions for each experiment are shown in Table 2 . The majority of participants did not obtain a valid threshold for the 3-ms gap duration; these participants were at ceiling. For that reason, we excluded the 3-ms gap duration data from the following statistical analyses. Because of the small number of adults with SNHL tested in the unaided condition, the unaided data for the participants with SNHL were not analyzed. Three analysis of variances (ANOVAs) were completed. The first ANOVA was completed on the stimulus-level thresholds for the adults with SNHL to determine the effect of the prescriptive procedure (DSL-A and DSL-C) on thresholds for each gap duration (5, 10, 15, and 20 ms). The second ANOVA determined the effect of hearing status and age group on stimulus-level thresholds with factors gap duration (5, 10, 15, and 20 ms), age group (children and adults), and hearing status (NH and SNHL). Unaided stimulus-level thresholds for the adults and children with NH were compared to stimuluslevel thresholds with DSL-C for the adults and children with SNHL. The last ANOVA determined the effect of compression speed (fast and slow) on thresholds for each gap duration (5, 10, 15, and 20 ms) when using the DSL-C prescriptive procedure. For all ANOVAs, Mauchly's Test of Sphericity was used. In cases were the assumption of sphericity was violated, the degrees of freedom were adjusted for using the GreenhouseGeisser correction. Post hoc analyses consisted of Tukey test for honestly significant differences (HSD).
For the children, bivariate correlations and a linear mixed model, using the lme4 package for R (Bates et al. 2014) , were completed to evaluate the contribution of age and degree of hearing loss to thresholds. Because of hearing thresholds not being measured, the four children with NH who were screened at 15 dB HL were not included in this analysis. Corrections for multiple comparisons were not applied to the bivariate correlations. However, the linear mixed model allowed for the examination of correlated random effects within participants because of repeated measures. Finally, to determine if stimulus-level and gap-duration thresholds provide a similar estimate of temporal resolution, a priori t tests were completed on the gap-duration thresholds for the adults with NH in experiment III to determine if the gap-duration thresholds differed significantly from each gap duration (5, 10, 15, and 20 ms).
RESULTS
Effect of the Prescriptive Procedure on Stimulus-Level Thresholds (Experiment I)
The left plot of Figure 4 depicts the stimulus-level thresholds for the adults with SNHL as filled symbols. Thresholds for the children with SNHL are shown in the right plot of Figure 4 as filled symbols. Again, the children with SNHL were only tested unaided and with DSL-C. The participants with NH are shown as unfilled circles (adults) and unfilled squares (children). An ANOVA was completed to determine the effect of the gap duration and prescriptive procedure on the stimulus-level thresholds for the adults with SNHL and is shown in Table 3 under the model prescriptive procedure. As expected, the stimulus level required to detect the gap decreased significantly as the gap duration increased. Using Tukey test for HSD, differences of 10.7 dB between different gap durations were considered statistically significant. Thresholds were significantly lower with 10, 15, and 20 ms compared to 5 ms. Differences in threshold between 10, 15, and 20 ms were not statistically significant. Threshold was significantly lower with DSL-C than with DSL-A. There was not a significant interaction of the gap duration with the prescriptive procedure. These findings demonstrated that thresholds for the adults with SNHL were significantly lower with DSL-C than with DSL-A for all gap durations.
Effect of Hearing Status and Age on Stimulus-Level Thresholds (Experiment I)
An ANOVA to determine the effect of gap duration, age, and hearing status on stimulus-level thresholds was completed and is shown in Table 3 under the model hearing status and age. For the participants with SNHL, the DSL-C stimulus-level thresholds were included in the model, and for the participants with NH, the unaided stimulus-level thresholds were included in the model. There was a significant interaction of gap duration, hearing status, and age group (Tukey HSD = 12.4 dB). This three-way interaction reflects three data patterns. First, thresholds improved from the 5-to 10-ms gap duration for all groups except the children with NH. For this group, thresholds were not statistically different between 5 and 10 ms. For all groups, thresholds were significantly better at 15 and 20 ms than at 5 ms. Second, the adults with NH (unaided) and SNHL (DSL-C) had thresholds that were statistically indistinguishable for all gap durations. In contrast, the children with SNHL, when aided with DSL-C, had a significantly poorer threshold at 5 ms than the unaided children with NH. Thresholds were not statistically different between the children with and without SNHL at all other gap durations. Third, while the children and adults with NH had thresholds that were statistically indistinguishable for all gap durations, the children with SNHL had thresholds that were significantly poorer than the adults with SNHL for gap durations of 5 and 10 ms. The main effects of age and gap duration and the two-way interactions between hearing status and gap duration were significant. There was not a significant interaction of age group with hearing status. These main effects and interactions should be interpreted in the context of the significant three-way interaction. To examine the effect of development and hearing loss on the ability to perceive a gap in noise, the stimulus-level thresholds within the child data set (NH: unaided, SNHL: DSL-C) were plotted against age in Figure 5 and against PTA threshold in Figure 6 . Above each plot, the bivariate correlations of age and PTA with stimulus-level threshold are provided. The two groups (NH and SNHL) were collapsed together for the bivariate correlations. Age did not correlate significantly with stimulus level thresholds for any of the gap durations. Stimulus-level thresholds were positively correlated with PTA for the 5-ms gap duration but not for any of the other gap durations. These effects of age and hearing loss on temporal resolution, for the children, were further examined using a mixed linear model-shown in Table 4 . The random intercept variances were 39 dB (SD = 5.07) and 143 dB (SD = 22.8) for the random effects of participant and gap duration, respectively. Age significantly predicted stimuluslevel thresholds, but PTA did not. The model estimated a 2.2-dB SPL improvement in stimulus-level threshold for each 1-year increase in age. Figure 7 shows the stimulus-level thresholds with slow and fast WDRC for eight adults with SNHL using the DSL-C prescriptive procedure. An ANOVA to determine the effect of the gap duration and compression speed on stimulus-level thresholds was completed and is shown in Table 3 . Stimulus-level thresholds decreased significantly as the gap duration increased. Thresholds were not significantly different for the two compression speeds, and the compression speed did not interact significantly with gap duration.
Effect of Compression Speed on Stimulus-Level Thresholds (Experiment II)
Gap-Duration Thresholds Compared to Stimulus-Level Thresholds (Experiment III)
In this experiment, stimulus-level thresholds were initially obtained and are shown in Table 5 , second column. After the collection of the stimulus-level thresholds, gap-duration thresholds were measured and are shown in the third column. As expected, the stimulus-level thresholds decreased as the gap duration increased. For each stimulus level, the obtained gapduration thresholds were 1 to 4 ms greater than the expected threshold. One-sample t tests, to determine whether the gapduration thresholds were statistically different from the gap durations associated with each stimulus level, are also shown. However, none of the obtained gap-duration thresholds were significantly different than expected. These results suggest that thresholds obtained by varying the stimulus level or by varying the gap duration provide similar information about temporal resolution.
DISCUSSION
Stimulus-level thresholds were assessed in adults with SNHL using two prescriptive procedures (DSL-A and DSL-C) and two compression speeds (fast: 5-ms attack time, 10-ms release time and slow: 50-ms attack time, 150-ms release time). The prescriptive procedure that more closely restored the normal dynamic range of hearing (DSL-C) improved adults' stimulus-level thresholds when compared to a procedure that did not (DSL-A), supporting our hypothesis that the prescriptive procedure affects the ability to detect a silent interval in noise. Thresholds obtained using both procedures were better than unaided thresholds. Stimulus-level thresholds with DSL-C well approximated the performance of the listeners with NH. Compression speed did not affect stimulus-level thresholds. 8 compares our data on adults with NH from experiment I to previously obtained data. Data are reported for studies that used broadband noise presented at several levels (Plomp 1964; Penner 1977; Fitzgibbons 1983; Irwin et al. 1981; Florentine & Buus 1984) . Despite the different methods used, all data show that an increase in the stimulus level is required to detect a shorter gap duration. There is overlap in the mean thresholds obtained across studies; however, note that there was a 30-dB spread in thresholds. Our data line up with those of Florentine & Buus (1984) and with the mean of the other studies. Reasons for the differences between results could include differences in stimuli parameter adjusted for threshold estimation (most adapting on the gap duration), criterion for correct detection (varied from 71% to 75% or subjective), the small number of subjects in each study (2 to 6), and differences in age of the listeners with NH. The third experiment suggests that differences in threshold estimation procedures were not a factor. While difference in age might have contributed, of those studies that reported the age of their listeners (Irwin: mean 38 years; Florentine: 20-50 years), our listeners were older on average (mean 57 years). Therefore, thresholds should have been poorer in our study-instead we observed similar or better thresholds. The range of thresholds in our study was 30-88 dB SPL at 5 ms and 14-28 dB SPL at 20 ms, which was within the range reported in other studies.
The finding that the prescriptive procedure affects the ability to perceive a gap in noise is consistent with previous research on gap detection. Minimizing differences in audibility between listeners with and without SNHL reduces discrepancies in gap-detection thresholds (Fitzgibbons & Wightman, 1982; Florentine & Buus 1984; Glasberg et al. 1987; Glasberg & Moore 1989; Horwitz et al. 2011) . By providing gain that varies by frequency, prescriptive procedures differ from the traditional testing paradigm of increasing the overall noise level to equate SL between listeners with and without SNHL. Before this study, the extent to which hearing aid amplification minimized differences in performance between listeners with and without SNHL was unclear. The provision of amplification using DSL-C to adults with SNHL in Brennan et al. (2013) resulted in a mean 3-ms gap-duration threshold for 60 dB SPL broadband noise, which was similar to gap-duration thresholds previously reported for listeners with NH in broadband noise at that level (Irwin et al. 1981 ). Brennan et al. did not test listeners with NH or obtain data at different presentation levels, however. Moore et al. (2001) found that their listeners with SNHL better detected gaps in narrowband noise (<500 Hz) when they were provided amplification compared to unaided, although differences still remained between the listeners with and without SNHL. The present study documented the extent to which two different prescriptive procedures normalize the ability to perceive a silent interval and found that thresholds were most similar to listeners with NH when using DSL-C.
Thresholds that would be obtained for other prescriptive procedures are unclear, due in part to the fact that the prescribed Fig. 8 . Stimulus-level thresholds for this study compared to stimulus-level thresholds for Fitzgibbons et al. (1983) and to gap-duration thresholds for previous studies. Replotted from Figure output levels vary with degree of hearing loss, slope of hearing loss, and other factors (Johnson & Dillon, 2011) . To estimate the effect of another prescriptive procedure on thresholds, recommended target levels (for input levels of 50, 60, 70, and 80 dB SPL) were obtained using the average hearing thresholds for the adults with SNHL for DSL-C, DSL-A, and NAL-NL2 using the Verifit2 (Audioscan, Dorchester, Ontario, Canada). The following trends were observed. First, DSL-C prescribed higher output levels for all input levels than both NAL-NL2 and DSL-A; consequently, gap detection thresholds would most likely be best with DSL-C. Second, relative to DSL-A, NAL-NL2 prescribed higher-output levels for low-level inputs but less for higher-input levels. Finally, for all input levels, NAL-NL2 prescribed lower output levels for frequencies above 4 kHz than DSL-A. Consequently, the relationship of thresholds obtained with NAL-NL2 to DSL-A would likely depend on whether increased audibility of low-level inputs or of high-frequency inputs contribute more to the detection of gaps in noise. Three possible mechanisms could be responsible for the better performance with improved audibility. At higher stimulus levels, a larger dynamic range is available to represent the dip in level caused by the gap. Consequently, one idea is that higher output levels with amplification lead to improvements in the internal representation of the stimulus envelope. Another idea is that amplification improves the audible bandwidth. Both increased presentation levels and bandwidth are known to improve gapduration thresholds (Plomp 1964; Davis & McCroskey 1980; Fitzgibbons 1983; Florentine & Buus 1984; Eddins et al. 1992; Hall et al. 1998; Zeng et al. 2005; Horwitz et al. 2011) , and each likely contributed to the improved thresholds observed with amplification in this data set. In addition to improving audibility, fast compression is known to reduce inherent envelope fluctuations in noise (e.g., . However, we do not believe that reductions in inherent envelop fluctuations influenced our findings-thresholds did not differ between the fast and slow amplification conditions. Instead, we think thresholds improved in this study because of higher output levels and/or greater audible bandwidth of the stimulus.
Before the present study, the effect of childhood SNHL on gapdetection thresholds was unknown. The children with SNHL-with amplification-showed poorer stimulus-level thresholds than the adults with and without SNHL and, for a 5-ms gap duration, poorer thresholds than the children with NH. In contrast, stimulus-level thresholds with DSL-C for the adults with SNHL were similar to thresholds for the adults with NH for all gap durations. Our findings are consistent with those of Hall and Grose (1994) and of Balen et al. (2009) , who found that childhood conductive hearing loss impaired comodulation masking release and gap-duration thresholds, respectively. Together these studies support the notion that childhood hearing loss, in certain stimulus conditions (e.g., with a short gap duration), may have central effects on temporal resolution-leading to a delay in the development of temporal resolution.
The mechanisms that contributed to poorer performance at only 5 ms in the present data set are unclear; however, we hypothesize that they are related to relative changes in the excitation pattern. Because of temporal integration, which results in smearing between the masker and the silent interval, a short interval results in a smaller change in excitation level than a long silent interval. Consequently, the children with SNHL, because of reduced auditory experience, required a better representation of the stimulus envelope than adults with NH. We might have expected children to have also performed more poorly than adults for a 3-ms gap duration; however, recall that most of the adults and children could not perceive the 3-ms gap duration (i.e., thresholds were at ceiling).
Limitations of the present study include the fact that we used a hearing-aid simulator and limited the maximum presentation level to 85 dB SPL before amplification; both of these factors complicate interpretation of the present results with respect to performance using a commercially available hearing aid. Because the simulator does not produce acoustic feedback and has higher maximum gain than wearable devices, the hearing aid simulator likely provided more gain than is possible with hearing aids. The ability to perceive a gap could be impeded by circuit noise in an actual hearing aid. Therefore, the potential to restore the perception of a gap might be more limited with real hearing aids. Restricting the maximum presentation level to 85 dB SPL may have restricted our ability to measure a threshold at 3 ms for some of our participants. Another limitation of the present paradigm is that restoration of audibility and/ or temporal cues does not necessarily result in better speech intelligibility (e.g., Ching et al. 1998) . Adjusting hearing aid parameters to maximize gap detection performance could result in a decreased signal to noise ratio (e.g., Souza et al. 2006) .
CONCLUSION
This study determined that restoring the dynamic range of hearing in listeners with SNHL improves their ability to detect a gap in noise. We have now documented the effects of the prescriptive procedure and compression speed on stimuluslevel thresholds. Except for the 5-ms gap duration threshold in children, restoring the dynamic range of hearing resulted in equivalent stimulus-level thresholds between listeners with and without SNHL. Previous work did not document the effect of childhood SNHL on gap-detection thresholds. Here we demonstrated that SNHL in children, apart from effects related to audibility, can adversely affect their ability to perceive a gap when compared to the children with NH.
